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Abstract > 


Background: There are few prospective studies evaluating the efficacy of various non-operative strategies for treatment of 





greater trochanter pain syndrome (GTPS). There is a diversity of available interventions and lack of clear consensus for the 
best modality thus far. 

Design: Observational prospective cohort study performed during the period of October 2017 and March 2019. 

Methods: The main objective was to determine if there is a difference in outcome of the Lower Extremity Functional Scale 
(LEFS) for subjects treated with conservative management (PT), corticosteroid injection (CSI), or percutaneous ultrasonic 
tenotomy (PUT). Participants were assigned based on physician treatment in a non-randomized manner to PT, a single CSI, 
or the PUT treatment arm. Subjects participated in outcome assessments at baseline and at 1-, 3-, 6-, and 12-months post 
intervention. 

Results: 112 individuals with unilateral GTPS were recruited for this study with 69 PT patients, 31 CSI patients, and 12 
PUT patients. The adjusted mean LEFS scores averaged across all time periods remained statistically different between PT, 
CSI, and PUT (p = 0.0093), indicating significant difference between each treatment arm. PT group saw the greatest 
improvements from baseline score starting at 1 month and up to 1| year (p = .0004). CSI group did not see significant LEFS 
improvement until 6 months (p = 0.04) and did not maintain clinically significant improvement by | year. PUT group saw 
significant LEFS improvement at 3 months (p = 0.0001) and maintained clinically significant improvements (=> 9 LEFS 
points) throughout the course of the study. 

Conclusion: PT patients over the study period showed the greatest improvements in LEFS scores compared to CSI and 
PUT patients. We believe that PT is the best indicated course of treatment for GTPS. PUT may be considered as an 


additional option if patients have failed other treatment modalities. CSI shows benefit at 6 months, but overall inferior to 
— and PUT. -. 
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Introduction 


Lateral hip pain, also referred to as Greater Trochanteric Pain 
Syndrome (GTPS), is a common diagnosis with a litany of 
possible pathologies ranging from hip bursitis, gluteus 
tendinopathies, external snapping syndrome, and iliotibial 
band syndrome. There are other pathologies associated with 
GTPS including intra-articular hip pain, pain post total hip 
arthroplasty, and lumbar radiculopathy [1-5]. GTPS has been 
reported in up to 10 % - 25 % of the population [6]. 

Though a single test for GTPS is typically not enough for 
clinical judgment, a combination of history and physical 
examination maneuvers can lead a clinician to a clearer 
diagnosis [7]. Patients commonly complain of pain on the 
lateral hip especially when laying on the affected side. Many 
who are diagnosed with GTPS will be tender to palpation at 
the symptomatic trochanteric bursa which carries a positive 
predictive value (PPV) of 83 % [8]. Additionally, symptoms 
include pain with hip abduction against resistance, pain with 
single leg stance, a positive Patrick’s, or Ober's test. If a 
gluteus medius or minimus tear is present, people will often 
present with weakness and pain with active, resisted hip 
abduction in extension and external rotation while the hip is 
flexed to 90 degrees. Though it is not required for the 
diagnosis of trochanteric bursitis and tendinopathy, plain 
radiographs are often obtained to evaluate for enthesopathy, 
calcifications and an intra-articular source of pain. Ultrasound 
and MRI are the modalities for investigation of gluteus 
muscle tendonitis or tear [3,5]. Proximal iliotibial band 
thickness has been correlated with recalcitrant greater 
trochanteric pain syndrome [9]. 

Given the array of causes for GTPS, there are several modes 
of treatment intervention. They range from conservative 
management with anti-inflammatory medications, rest, 
weight loss, and physical therapy, to minimally invasive 


procedures including corticosteroid injections, percutaneous 


tenotomy, platelet-rich plasma, to surgical intervention for 
the most severe cases. GTPS is often self-limiting. 
Trochanteric bursitis is one of the most common diagnoses 
given for lateral hip pain, but it has been suggested that lateral 
hip pain is not usually associated with inflammation of the 
bursa and gluteus medius insertion. Board et al. found that 
post-op biopsy of the bursa did not always show markers of 
inflammation [10]. Though many clinicians start with 
physical therapy or a home-exercise program for treatment of 
GTPS, a 2017 systematic review demonstrated a sparse 
amount of high-quality research for conservative 
management of GTPS. Only until recently, have there been 
two randomized controlled trials (RCTs) that highlighted that 
an exercise program may be considered effective for non- 
surgical management of GTPS [11,12]. 

Moreover, local anesthetic injections with corticosteroid have 
had a 77.1 % efficacy rate for 1 week and up to 61.3 % for up 
to 6 months [13]. Cohen found no difference between 
fluoroscopic guided injection and bedside injection [6]. Low 
energy shock-wave therapy has been found to be superior to 
other non-operative modalities [10,14]. In fact, shock-wave 
therapy allowed 64 %-76 % of patients to return to normal 
activities. For re-occurring and refractory cases of GTPS, 
surgical intervention such as bursectomy and ITB release has 
been found to be effective [13]. 

Several retrospective studies have been done to explore the 
effectiveness of one procedure versus another, such as 
percutaneous tenotomy vs platelet rich plasma (PRP), but 
very few prospective studies are available that measure the 
effectiveness of the treatments. Corticosteroid injection has 
been known to last for 3-6 months but no significant 
difference was found when evaluated at 12 months when 
compared to conservative management [15,16]. 
Interestingly, the GLUTEAL trial compared CSI vs injection 


of normal saline and demonstrated no difference between the 
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two for pain relief at 1 and 6 months [17]. Likewise, Rompe 
et al. found that after one-month shockwave and conservative 
therapy were superior to CSI [18]. A few small studies have 
demonstrated effectiveness in pain relief using PRP in the 
treatment recalcitrant GTPS [1,19,20]. Jacobson et al. first 
found improvement to gluteal fenestration through 
retrospective analysis, and later demonstrated an 
improvement in pain scores to patients in both treatment arms 
blinded to PRP or gluteal tendon fenestration at 1 and 2 weeks 
[20,21]. Moreover, a recent study by Fitzpatrick et al. 
compared a single leukocyte-rich PRP (LR-PRP) injection 
versus a single CSI for gluteal tendinopathy portraying 
clinically and statistically significant improvement in pain 
and hip function at 12 weeks [22]. This was later continued 
with a 2 year follow up of these patients which showed 
continued improvement in the LR-PRP group versus CSI 
group which did not maintain improvement beyond 24 weeks 
[23]. 

Percutaneous ultrasonic tenotomy (PUT) is another emerging 
percutaneous technique which has been utilized for multiple 
musculoskeletal injuries such as in lateral epicondylitis 
[24,25], patellar tendinitis [26], Achilles tendinitis [27,28], 
and plantar fasciitis [28]. Unlike the traditional percutaneous 
tenotomy procedure requiring manual passes of a needle to 
abnormal parts of a tendon, PUT utilizes high frequency 
energy to a needle-like device that removes disease tendon 
tissue and is subsequently removed by an inflow-outflow 
fluid circuit. It is thought that through the removal of 
pathologic disease, this allows a chronic degenerative process 
to be converted to an acute process [29] In addition, this acute 
inflammatory condition may introduces growth factors to 
promote healing [30]. 

Given the diversity of available interventions, emerging 
technologies, and lack of clear consensus for the best 
modality thus far, the researchers believe that identifying the 
best treatment by diagnosis could have greater positive 
outcomes for patients through quicker recovery as well as an 


increase cost savings. Prior research studies have not 
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evaluated these 3 treatment modalities (PT/CSI/PUT) for 





GTPS in one prospective study. The aim of this study was to 
determine if there was a difference in outcome using the 
Lower Extremity Functional Scale (LEFS) for subjects 
treated with conservative management (PT), corticosteroid 
injection (CSI), or percutaneous ultrasonic tenotomy (PUT). 
We hypothesize that physical 120 therapy will show 
significant improvement in LEFS compared to all treatment 
modalities. In addition, we hypothesize that PUT would be 
an effective treatment for refractory GTPS providing an 


alternative for patients who fail conservative management. 


Methods: 


Study Design: 

The Institutional Review Board approval was obtained prior 
to initiation of this study. This was an_ observational 
prospective cohort study of 112 subjects with refractory 
unilateral greater trochanteric pain syndrome recruited 
between October 2017 to March 2019. The main objective 
was to determine if there is a difference in outcome of the 
Lower Extremity Functional Scale (LEFS) for subjects 
treated with conservative management (PT), corticosteroid 
injection (CSI), or percutaneous ultrasonic tenotomy (PUT). 
Patients: 

Participants were assigned based on physician treatment in a 
non-randomized manner: 69 PT patients (40 participants 
chose to pursue a formal course of physical therapy and 29 
patients chose the home exercise program), 31 CSI patients, 
and 12 PUT patients. Subjects participated in outcome 
assessments at baseline and at 1-, 3-, 6-, and 12-months post- 
intervention. 

The surveys were examined for any statistically significant 
difference by race, gender, age, and BMI and 
found no statistically significant differences with regard to 
race (p = 0.35), gender (p = 0.56), age (p = 0.05), and BMI 
(p = 0.82), respectively (Table 1). Scores were then adjusted 
based on gender, age, and race (Black and White only). 
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The Lower Extremity Functional Scale 


We are interested in knowing whether you are having any difficulty at all with the activities listed below because of your lower limb problem for which you are 
currently seeking attention. Please provide an answer for each activity. 





Today, do you or would you have any difficulty at all with: 











Extreme Difficulty 
or Unable to Quite a Bitof Moderate _—A Little Bit of 

Activities Perform A Difficu Difficu No Difficu 
1 Anyof your usual work, housework, or school activities. 0 10 20 30 40 
2 Your usual hobbies, re creational or sporting activities. ° 10 2 30 400 
3 Getting into or out of the bath. oO 10 20 30 400 
4 Walking between rooms. ou 10 20 30 40 
5 __ Putting on your shoes or socks. oO 10 20 30 40 
6 — Squatting. ou 10 20 30 400 
7 Lifting an object, like a bag of groceries from the floor. oO 10 2 fl 30 40) 
8 _ Performing light activities around your home. oO 10 2 30 400 
9 _ Performing heavy activities around your home. ou 10 20 30 40 
10 Getting into or out of a car. oO 10 20 30 40] 
11 Walking 2 blocks. oO 10 20 30 40 
12 Walking a mile. ou 10 20 30 40 
13 Going up or down 410 stairs (about 4 flight of stairs). oO 10 28 30 400 
14 — Standing for 1 hour. ou 10 20 30 400 
15 _ Sitting for 1 hour. ou 10 20 30 40 
16 _ Running on even ground. oO 10] 20 300 4 
17 Running on uneven ground. i) 10 2 Oo 30 a 
18 Making sharp turns while running fast. ° 1 201 3 400 
19 Hopping ou 10 20 30 40 
20 Rolling over in bed. 0 1 20 3 400 

Column Totals: 


Minimum Level of Detectable Change (90% Confidence): 9 points SCORE:___/ 80 (fill in the blank with the sum of your responses) 


Source: Binkley et al (1999): The Lower Extremity Functional Scale (LEFS): Scale development, measurement properties, and 
clinical application. Physical Therapy. 79:371-383. 


Figure 1: Lower Extremity Functional Scale (LEFS) 


Table 1: Demographic Characteristics by treatment 


pine) csi(n=3a) [PINT (n=22) P| 


eam een ance | ata |e 
[a.m [23am nore 


49 (71.0%) 


ae po g.3%)y | 


Native Hawaiian or 
nel Pacific Islander 
1(1.5%) 


ee 
| 52(75.4%) | 26 (83.9%) | 10 (83.3%) 


17 (24.6%) 


*Fischer's exact test. 
Treatment groups were compared with a 2-sample T-test for continuous variable and a x2 test for categorical 
variable. Race comparison between treatment groups was limited to black and white (exact x2 test). 
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Inclusion criteria were ages between 18 and 80 who 
presented to a tertiary Sports Medicine clinic with lateral hip 
pain. Participants’ symptoms had to be present with resisted 
hip abduction in the lateral decubitus position and have 
tenderness with palpation at the greater trochanter. Subjects 
were excluded if they were under guardianship or with 
limited cognitive ability that would preclude understanding 
the questionnaire, had undergone previous hip surgery, had 
a history of cancer, radiographic evidence of moderate to 
severe hip osteoarthritis, symptomatic lumbar stenosis, or 
femoral acetabular impingement. Subjects were screened 
by one of two Sports Medicine fellowship-trained physicians 
for inclusion criteria at the initial clinic visit. Consent was 
then obtained to participate in the GTPS and a baseline 
Lower Extremity Functional Scale (LEFS) was completed in 
clinic. 

Procedures: 

Primary outcome measures were assessed using the Lower 
Extremity Functional Scale (LEFS) [31,32]. The LEFS is a 
20-question survey that quantifies the ability to perform 
everyday tasks. The survey asks patients to quantify the level 
of difficulty involved in performing 20 everyday activities 
ranging from putting on shoes to walking various distances. 
Patients rate each activity using a score from 0 (Extremely 
difficult/unable to perform) to 4 (No difficulty). Then the 
scores from each activity are summed to reach a total score, 
with the maximum score being 80. Lower scores indicate a 
greater level of overall disability. When comparing between 
survey time points, the minimal detectable change and 
minimal clinically detectable significance in this scale is 9 
points. The sensitivity and specificity for the LEFS are 0.81 
and 0.70, respectively. While various studies used different 
measurements such, the LEFS survey was designed and 
validated as a means to evaluate functional impairment and 
monitor the effectiveness of an intervention over the course 
of time.[31] Procedures were performed at a single tertiary 
care center by the two providers who completed the initial 
screening process. Follow up LEFS were then sent at 1 
month, 3 months, 6 months, and 1 year follow ups. 

Our initial goal was to recruit 52 non-randomized subjects to 


each arm: conservative management (PT), a single local 


corticosteroid injection, or PUT. Conservative management 





consisted of either formal physical therapy or home exercise 
program combined with rest, NSAID use, or a combination 
of the subjects’ choosing, no guidance given for course to 
pursue. Participants who underwent formal physical 
therapy received a prescription focusing on isometric 
loading of the gluteus medius and minimus with 
progression to functional isotonic exercises. Prescription 
duration was set for 6 weeks with a frequency of two to 
three times week. 

Alternatively, a home exercise program was given with 
isotonic exercises and incorporation of lateral hip 
exercises (i.e., lateral kicks, clamshells, and band walks). 
Direction and pictures were included with suggested 
routine of 10 repetition with each leg for 3 sets daily. 

For the CSI group, half of the patients had usual care which 
may have included supervised or formal rehabilitation, while 
the other half had no prior therapy. Patients were given either 
an injection of | ml of methylprednisolone acetate (40 mg/ml) 
or triamcinolone acetonide (40 mg/ml) mixed with 1 ml of 1 
% lidocaine and | ml of normal saline. Sterile technique was 
used, and the injection was done under ultrasound guidance 
to the peri-trochanteric space. 

As for the PUT treatment arm, all patients had tried and 
previously underwent conservative management including 
PT and CSI. For procedural care, the patient’s skin surface 
was first prepared with antimicrobial solution and draped in a 
sterile fashion. The provider then injected 10 ml of 1 % 
lidocaine for local anesthetic above the gluteus medius and 
minimus tendons. An #11 blade was used to incise through 
the skin which facilitated entry for the tip of percutaneous 
tenotomy instrument (Tenex TX System) and advanced with 
ultrasound guidance. The tendons were treated with 
ultrasonic energy and following the procedure, steri-strips 
were placed to close the incision. 

Statistical Analysis 

A repeated-measures analysis of lower extremely functional 
scale was performed with a means model via the SAS 
MIXED Procedure (version 9.4; SAS Institute, Cary, NC), 
providing separate estimates of mean LEFS by time on study 


(baseline, 1,3,6, and 12 months) and treatment group (PT, CSI 
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and PUT). The model included three predictors (treatment 
arm, time on study [categorical clinical visit] and the 
statistical interaction between treatment arm and time on 
study). A compound-symmetric variance-covariance form in 
repeated measurements was assumed for LEFS and robust 
estimates of the standard errors of parameters were used to 
perform statistical tests and construct 95 % confidence 
intervals. The model-based means are unbiased with 
unbalanced and missing data, as long as the missing data are 
non-informative (missing at random). A P-value < 0.05 was 
considered statistically significant for the main effects 
(treatment and time on study) and for the treatment by time 
on study interaction effect from the repeated-measures 
analysis. The minimal clinically significant difference of a 
change in 9 points on the LEFS was round up to the nearest 
integer. The statistical test for interaction between time on 
study and treatment was the overall hypothesis test to 
determine whether LEFS demonstrated different patterns 
over time by treatment group (i.e., different temporal patterns 
over time). Since mean LEFS in the three treatment groups 
was consistently different over time (ie., no statistical 


interaction) then the main effect test for treatment was used 


Table 2 


as the primary hypothesis test to compare the 3 treatment 





groups (time-averaged treatment means). The primary study 
results from this model include the mean LEFS and 95 % 
confidence interval for the PT group, the mean LEFS and 95 
% confidence interval for the CSI group and the mean LEFS 
and 95 % confidence interval for the PUT group. Specific 
Statistical tests were done within the framework of the mixed 
effects linear model. All statistical tests were 2-sided and 
unadjusted for multiple comparisons. The repeated-measures 
model was refitted to adjust for gender, race and age at 
enrollment. The percentage change from baseline LEFS was 
analyzed using the same analysis plan described for lower 
extremity functional scale scores. 

Results: 

Time Averaged Mean Scores: 

The time averaged mean LEFS scores (Table 2), which were 
the mean scores over the course of | year, were statistically 
different between each treatment arm with PT, CSI, and PUT 
scores reporting 58.5, 43, and 46.3, respectively (p < .0001). 
This was to show that there were significant differences 


overall between the 3 treatment group 


Table 2: Mean lower extremity functional scale (LEFS) by treatment group in 112 subjects 
with greater trochanteric pain syndrome (GTPS) 


Time-averaged Means 
Treatment # Patients |# Measurements |LEFS 95% Cl 
ee ee ee Cy 


p cst | tt | 37.2, 48.9 | <0.0002 | 


put tt 36.6, 56.1_| <0.0001 
TreatmentDifference| | 
Treatment____—_[Treatment|_—|LEFSMeanDifference |95%Cl_—[P_ 
port cst PS | 8.4, 22.6 | <0.0001 | 


pT P6228 | 0.02 | 
p cst | | 8-8. | 0.57_| 
a SS —=— ll 








PT vs CSI 

The PT arm saw mean differences with CSI and PUT that 
were clinically significant (=> 9 LEFS points) over the study 
period. PT vs CSI saw a mean LEFS difference of 15.5 (p < 
0.0001) (Table 2). When looked across time (Table 3), PT 


patients saw the greatest improvements from baseline score 
throughout the course of the study starting at 1 month with 
conservative management and up to | year (p = .0004). CSI 
did not see significant LEFS improvement until 6 months (p 


= 0.04) and did not maintain clinically significant 
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improvement by | year. 



















































































Table 3 
Table 3: Mean lower Extremity functional scale (LEFS) by treatment group and time adjusted for gender, age, and race 
(Black and White only) 
Baseline Month 1 Month 3 Month 6 Year1 P value 
P Group by P 
Treatment Mean 95% Cl Mean 95% Cl Mean 95% Cl Mean 95% Cl Mean 95% Cl Time Grou | P Time 
Interaction p 
PT 49.3 [ 43.6,55.0] | 59.0[52.2,65.8] | 60.8 [54.8,69.1] 62.0 [ 54.2, 68.6] 61.4 [ 52.2, 68.6 ] 0.85 0.01 |< 0.0001 
csI 42.1[35.2,49.0] | 45.8[37.0,54.6] | 46.6[38.2,55.0] 44.9 [ 28.5, 61.3] 44.9 [28.5, 61.3 ] 
PUT 40.8 [ 32.3, 49.2] 50.1 [ 36.6, 63.6 ] 51.7 [ 44.1, 59.4] 52.6 [ 37.0, 68.1] 49.4 [28.2, 70.7 ] 
Overall-visit 45.9 [39.6,52.1] | 53.0[45.9,60.0] | 53.6[ 46.7, 60.6] 55.2 [ 47.9, 62.5] 50.7 [ 42.3, 59.2] 
Between group time-averaged difference 
A P for 
Treatment Treatment LEFS Mean Difference} 95% Cl E 
difference 
PT csi 12.1 3.9, 20.4 0.004 
PT PUT 9.6 -1.7, 20.8 0.10 
CsI PUT -2.6 -15.2, 10.1 0.69 
Within group treatment difference from baseline 
-9.7[-14.6,-4.9] | -11.5[-16.5,-6.5] | -12.7[-18.8,-6.5]P | -12.1[-18.7,5.5] 
PT P=0.0001 P=<0.0001 =<0.0001 P=0.0004 
-3.6 [ -10.8, 3.5] -4.4[ -11.6, 2.7] -10.3 [-20.0,-0.5] | -2.7[-18.3, 12.8] 
csi P=0.32 P=0.22 P=0.04 P=0.73 
-9.3 [-21.1, 2.4] -11.0 [ -16.5, -5.4] -11.8 [ -25.8, 2.3 ] -8.7 [ -30.2, -12.8 ] 
PUT P=0.12 P=0.0001 P=0.10 P=0.43 
PT vs PUT CSI vs PUT 





PT vs PUT saw a mean LEFS difference of 12.2 (p = 0.02) 
(Table 2). When looked across time, PUT saw significant 


LEFS improvement at 3 months (p = 0.0001) and maintained 


CSI vs PUT showed there was no difference between the 2 
arms with a mean LEFS difference of -3.3 (p = 0.57) (Table 


2). As stated previously, PUT saw significant improvements 


clinically significant improvements throughout the course of 


Whereas 


the study. 


improvements 


PT 


starting at 1 


Saw 


clinically 


month and maintained 


improvements throughout the course of the study. 


significant 


by 3 months 


months 


and did not 


and maintained 


maintain 


clinically 


clinically 


improvements by the end of the study period. 


significant 


improvements, while CSI did not show improvements till 6 


significant 
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g 8 


LEFS: Time-averaged score 
s 


20 
PT csl PUT 
n 69 3 12 
OBS 183 84 3M 
Cc. 
» 175 
£ 
r 150 
s 
125 
§ 
= 100 
S 
c 75 
sc 
s 50 
PS 
o 25 —- -|- 
th > ? 
7 0 
PT csl PUT 
n 69 31 12 
OBS 183 84 31 


Panel A: Time-averaged LEFS by treatment (Model-based means and 95% confidence intervals) 
Panel B: Mean LEFS by treatment and time adjusted for gender, age and race (black and white only). 


Panel C: Mean percentage change from baseline 


Panel D: Mean percentage increase in LEFS from baseline by treatment and time (PT vs CSI). 


LEFS 


9 


LEFS: % change from baseline 











ao FT = 


20 


Baseline Month 1 Month 6 
PT(n) 60 30 27 22 23 
CSn) 27 14 12 13 8 
PUT(n) 11 5 6 4 2 


Month 3 


csi 





Baseline Month 1 Month 3 Month 6 Year? 
PT(n) 69 36 30 25 23 
CSi(n) 931 17 13 14 9 





Figure 1. highlights graphs of data analysis. 


Discussion: 

Prior research studies have not evaluated these 3 treatment 
modalities (PT/CSI/PUT) for GTPS in one prospective study. 
Also, prior studies have not used the same assessment tool to 
compare these various treatment modalities. For example, in 
the Jacobson et al. study, customized pain scores were used 
to compare outcomes of PUT vs PRP treatment [20]. 

In the GLUTEAL trial, a numerical rating scale (NRS) pain 


score was used to measure outcomes for a CSI [17]. This 


study used one assessment tool (LEFS) to compare all 3 
treatment arms. By comparing these treatment modalities 
using the same assessment tool (LEFS), this prospective 
observational study provides a new layer to the treatment 
algorithm for GTPS (Figure 2). This study showed 
consistency with previous retrospective studies [16-18], 
demonstrating limited functional and pain improvement from 


GTPS with a corticosteroid injection in comparison to 


conservative treatment, such as physical therapy or rest. 
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Clinical Criteria for Greater Trochanteric 
Pain Syndrome (GTPS) 









Examination 


Meets Clinical 
criteria (4/4) for 
GTPS? 


Yes 


Rest & physical 
therapy or 
supervised 

home 
rehabilitation 


program 


Continue to 


monitor and Clinically 
c 


re-enter physical 
improved? 


therapy if 


retractory 





Secondary 
treatments 


+/- Percutaneous 
wiicosteroid Ultrasonic 
injection (CSI) Tenotomy (PUT) 





Evaluate for 
other causes 
(i.e. lumbar 
radiculopathy) 


All other 
treatment 
options* 


Plame sco hegemansee papayas Benxi ine bi anepbeteanoginrt yt ° ‘iad 
considered as altemative treatments for GTPS based on previous literature studies 
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Physical Therapy/Conservative Management 

GTPS is believed to be a multifactorial chronic form of 
tendinopathy arising from repetitive microtrauma involving 
the gluteal tendons at the level of the greater trochanter. One 
of the biggest factors contributing to the etiology of GTPS 
appears to be mechanical overload and pelvic biomechanics 
[33]. The pathophysiology of this chronic microtrauma is 
believed to ultimately lead to inflammation and degeneration 
of the tendons via disruption of the collagen matrix with 
neovascularization and increased protein synthesis leading to 
scar tissue and chronic inflammation [34]. 

In this study, patients treated with physical therapy made the 
greatest improvements based on the LEFS. Over the study 
period, physical therapy continued to show the greatest 
improvement clinically and was statistically significant 
throughout the entire course of 1 year. This is supported with 
clinical evidence that patients in this population usually lack 
hip abductor strength seen in single leg stance and gait which 
physical therapy and home training can assist with addressing 
the underlying pathology [35-38]. 

Recently, two randomized controlled trials highlighted the 
use of exercises regimens for GTPS. Mellor et al. created a 
three-arm prospective randomized controlled trial for patients 
with lateral hip pain, including load management exercise 
with education on tendon loading, a CSI group, and a wait 
and see approach. It was found that CSI provided global 
improvement (function and quality of life) in the short term 
(8 weeks) but in the long term (52 weeks), the exercise and 
education group had better overall global improvement [12]. 
In addition, Ganderton et al. randomized participants to 
receive either to the GLoBE protocol (Luteal La Trope 
University exercise program) or sham exercise (seated 
exercise). Both groups received an educational booklet on 
reducing tendon load. Though there was an improvement in 
pain and function in both groups at 12 and 52 weeks with no 
significant difference, the GloBE group improved to a greater 
degree [11]. 

A recent literature review of evidence-based treatments for 
GTPS also found that activity modification and physical 
therapy also appeared to provide benefits. It was found that 


activity modifications by means of reducing compression and 


overload on tendons was recommended. These include 
avoiding aggravating activities such as climbing stairs or 
walking on irregular surfaces as well as static positional 
activities such as lying on the affected sides or positions 
where the hip is adducted while sitting. The review also found 
that exercises that focused on retraining hip abductors and 
dynamic control during adduction appeared to provide 
effective treatment. Additionally, exercise programs that 
focus on isometric and isotonic exercises seemed to be the 
most beneficial [39]. 

CSI 

In this study, patients treated with corticosteroid injections 
did improve over time, but not as significant as patients 
treated with physical therapy. Half of the patients in the CSI 
arm had done some form of PT or injection in the past without 
improvement. Based on the results, CSI patients did appear to 
achieve temporary pain relief and increase in function by 6 
months. However, these improvements were not maintained 
by | year. This follows with the study by Brinks et al. that 
also showed temporary pain relief by 3 months, but no 
differences in outcome by | year compared to conservative 
management [16]. This also follows along with other studies 
that have used CSI in the short term to treat pain associated 
with lateral epicondylitis and rotator cuff injuries [40,41]. It 
should be considered that CSI may not be a well indicated 
long term therapy for GTPS due to CSI mainly working to 
reduce more acute inflammatory processes whereas GTPS is 
a more chronic process. Furthermore, it should be considered 
that the physical act of introducing a needle into the affected 
area could provide minor mechanical release of scar tissue 
and adhesions as well as recruiting local acute inflammatory 
factors to promote healing and revascularization, which 
ultimately contributes to the short-term relief of symptoms 
[41]. 

PUT 

Similarly, patients in the PUT arm also saw improvements 
over time, but not as significantly as those in the PT arm. All 
patients in the PUT arm had done some form of PT or 
injection in the past without improvement. 

The theory of PUT, is to debride chronic tendon pathology. 
As mentioned before, the physical act of introducing a needle 


to release scar tissue and promote local healing factors is the 
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basis of using PUT to debride, drain, and promote acute 
inflammation in order factors and revascularization [34,41]. 
to recruit local healing. 

To our knowledge, there is only one prospective case series 
that demonstrated the use of PUT for GTPS. Baker et al. 
followed 29 patients who failed conversative management for 
gluteal tendinopathy for up to 30 months post-PUT. Results 
showed significant improvement in VAS scores, Harris Hip 
scores, and SF-12 scores. There were no complications, 
however, three patients eventually ended up proceeding to hip 
abductor tendon repair [42]. This study, along with ours 
supports the clinical use of PUT for potential treatment of 
GTPS. 

PUT, while a limited number of subjects, showed sustained 
clinically significant LEFS improvement (= 9 LEFS points) 
at three months. With that said, the effect of PUT may not 
have been as long-lasting, likely due to the severity of 
condition (all PUT patients had failed other treatments such 
as CSI or PT) and other potential silent pathologies such as 
lumbar radiculopathy. This is similar to prior studies done by 
Jacobson et al., which showed marked improvements in 
patients who received tendon fenestration”®!. Similarly, to 
CSI, it should be considered that the mechanical release and 
drainage of inflammatory and calcified tissues may help to 
treat the underlying causes of GTPS. However, PUT provides 
a more thorough mechanical treatment of the affected areas 
compared to CSI which is a single shot. Overall, PUT may be 
a viable interventional treatment for gluteus medius and 
gluteus minimus tendinopathy for patients that did not get 
better with physical therapy and corticosteroid injection. 

We recommend that the treatment algorithm (Figure 3) for 
Greater Trochanteric Pain Syndrome (GTPS) should include 
conservative management such as rest, NSAIDs, and PT 
(home exercise or formal) as the first line therapy. Secondary 
potential options may include percutaneous ultrasonic 
tenotomy (PUT) for patients who have failed other treatment 
modalities. Other modalities that show promising results in 
prior research studies discussed earlier (i.e., PRP treatment 
and shockwave therapy) were not directly studied in this 
particular study but can be considered as additional options. 


[1,13,18-20]. We recognize providers will use corticosteroid 


injections based on adherence of a traditional treatment but 





based on our data PUT may be better indicated long term. 
Limitations 

We acknowledge several limitations to this study. Given the 
nature of non-incentivized studies followed over a long time 
period (1 year), the participant non-response rate ranged from 
31 % -54 %. The survey non-response rate for 1 month, 3 
month, 6 month, and | year follow ups, were 54 %, 46 %, 41 
%, and 31 %, respectively. The overall dropout rate for the 
total study was 32 %, when looking at participants that never 
filled out a follow up survey after the baseline survey and 68 
% of participants filling out at least one follow up survey. 
Also, there were a limited number of patients eligible to be 
recruited in the PUT treatment arm (n = 12). While the 
purpose was to participate with non-uniform conservative 
managements already in practice, the variability of 
participants’ conservative management could have 
influenced differences of LEFS outcomes for this baseline 
arm. Additionally, this study was an observational study and 
thus not a blinded randomized controlled trial with uniform 
randomization. Such a study would help provide additional 
important information. 

Conclusion: 

Overall, we believe that PT is the best indicated course of 
treatment for GTPS. PUT may be considered as an additional 
option if patients have failed other treatment modalities. CSI 
shows benefit at 6 months, but overall inferior to PT and PUT. 
Acknowledgements: None 
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